Two novel selenoarsenates, K 3 AsSe 4 and K 4 As 2 Se 5 , were synthesized by the mild solvothermal reaction of potassium carbonate and arsenic and selenium powder in the presence of superheated ethylenediamine and structurally characterized by single-crystal X-ray diffraction. K 3 AsSe 4 crystallizes in the orthorhombic space group Pnma (no. 62) with a = 9.4169(4), b = 10.9695(5), c = 9.7568(8)Å, Z = 4 and V = 1007.86(10)Å 3 and contains [AsSe 4 ] 3− anions with pentavalent arsenic. K 4 As 2 Se 5 crystallizes in the monoclinic space group P2 1 /n (no. 14) with a = 7.6167(2), b = 22.8733(4), c = 8.4687(2)Å, β = 107.241(2) • , Z = 4 and V = 1409.14(5)Å 3 , and shows isolated [As 2 Se 5 ] 4− anions. The most prominent feature of the latter anions is the presence of arsenic in two different formal oxidation states (+4/ + 2) due to the presence of an As-As bond.
Introduction
The synthesis of compounds with main-group chalcogenides has been an extremely active area in solid-state and materials chemistry [1 -3] . Over the past few years, the mild solvothermal technique has proved to open convenient synthetic routes to chalcogenidoarsenates which are often inaccessible via the traditional solution approach [4] . Focusing on selenoarsenates, a wide variety of isolated [As x Se y ] n− anions have been reported with diverse connectivity patterns of arsenic and selenium atoms as well as with various formal oxidation states of arsenic [4] . These anions include the selenium-rich species [AsSe 3 ] 3− [5, 6] , [AsSe 4 ] 3− [7 -10] , [AsSe 6 ] − [11, 12] [26] , the structures of which are of cluster or cage type. In most cases the anions are charge-balanced by alkali/alkaline earth metal cations, but organoelement cations or transition metal complex cations were also employed.
Recently, we extended our investigations of Zintl ions of group 14 and 15 elements and related intermetalloid clusters [27 -30] to their reactions under solvothermal conditions in superheated and supercritical amines [31] . We also studied the reactions of group 15 elements with the higher chalcogens in superheated ethylenediamine aiming at the synthesis of heteroatomic Zintl clusters using potassium carbonate as mineralizer. In the present contribution we report the synthesis and crystal structure of the two novel selenoarsenates K 3 AsSe 4 (Fig. 1) that are surrounded by potassium cations. As expected, the arsenic atom is tetrahedrally coordinated by four Se atoms with As-Se distances ranging from 2.3068(5) to 2.3267(4)Å and Se-As-Se angles between 108.472(12) and 111.488 (17) • . These data are in accordance with the distances and angles found in Rb 3 AsSe 4 , Cs 3 AsSe 4 and other related structures [7 -10] .
The structure contains two crystallographically independent K + cations (Fig. 2) Table 2 . Table 2. K 4 As 2 Se 5 crystallizes in the monoclinic space group P2 1 /n (no. 14) with four formula units per cell (Table 1) . The crystal structure analysis revealed that the structure is built from novel isolated selenoarsenate(IV\II) anions [As 2 Se 5 ] 4− (Fig. 4) which are surrounded by K + cations. In this anion As1 is coordinated by three Se atoms while As2 is bonded to only two Se atoms. As1 and As2 are linked by a direct As-As bond. The formal oxidation state of the tetrahedrally tetracoordinated atom As1 can be assigned as 4+ and that of the tricoordinated As2 atom as 2+ which leads to a total charge of 4− for the anion. There are similarities to fragments of the layered structure of K 5 [Ag 2 As 3 Se 9 ] [36] . The As-Se bond lengths and the Se-As-Se angles range from 2.3204 to 2.3509Å and from 108.52 to 111.68 • , respectively. The As-As distance is 2.5000(5)Å. The bond lengths and angles of [As 2 Se 5 ] 4− are comparable to those observed in other selenoarsenates [6, 11 -26] . The [As 2 Se 5 ] 4− anion can also be seen as a staggered structure which is closely related to methylamine (CH 3 NH 2 ). The dihedral Se-As-As-Se angles for the [As 2 Se 5 ] 4− anion are in the range of 115.5 to 123.9 • , and an almost staggered conformation is given by the angles in the range of 53.1 and 67.3 • which are both comparable to the situation observed in methylamine [37] .
All four potassium cations contain six atoms in their coordination sphere (Fig. 5) and are connected to four (K1 and K2), three (K3) and five (K4) [As 2 Se 5 ] 4− anions with K-Se distances in the respective range of 3.2173(8)-3.4702(9)Å (K1), 3.2818(9)-3.4958(9)Å (K2), 3.2986(9)-3.3415(8)Å (K3), and 3.2380(9)-3.7154(9)Å (K4). The complete crystal structure is presented in Fig. 6 (Fig. 7a) . Surprisingly, the structure of the selenoarsenate(IV\II) anion [As 2 Se 5 ] 4− in K 4 As 2 Se 5 (Fig. 7b) is thus completely different. The two different [As 2 Se 5 ] 4− anions can best be described as structural isomers formally related through a disproportionation from oxidation state +3 for the As atoms in the isomer of Fig. 7a to the mixed-valent an- 
ion shown in Fig. 7b 
Experimental Section
All materials were handled in an argon atmosphere using a glove box with moisture and oxygen levels below 1 ppm. Ethylenediamine was dried over Na/CaH 2 and freshly distilled prior to use.
Syntheses of K 3 AsSe 4 and K 4 As 2 Se 5
Single crystals of K 3 AsSe 4 and K 4 As 2 Se 5 were obtained from a mixture of K 2 CO 3 (138 mg, 1 mmol), As (75 mg, 1 mmol) and Se powder (240 mg, 3 mmol) in ethylenediamine (5 mL). The reactants were loaded into a Teflon-lined autoclave with an inner volume of 20 mL (filling degree approx. 25 %). The sealed autoclave was heated at 443 K for 12 d and then cooled to room temperature. The reaction led to a mixture of red crystals of K 3 AsSe 4 and black crystals of K 4 As 2 Se 5 with dimensions up to 0.1 mm. The total yield based on Se was approximately 80 %.
EDX analyses
Single crystals of K 3 AsSe 4 and K 4 As 2 Se 5 were investigated by energy dispersive X-ray (EDX) analyses for a semiquantitative determination of the elements present on the sample surfaces (K, As, Se). The measurements were carried out on a JEOL-SEM 5900LV spectrometer. The approximate atomic ratios obtained for K/As/Se (3 : 1 : 4 and 4 : 2 : 5, respectively) reflect the compositions determined by the singlecrystal X-ray structure determinations. No other elements heavier than Na were detected.
Single-crystal structure determinations
Diffraction data of K 3 AsSe 4 and K 4 As 2 Se 5 were collected on an Oxford Xcalibur3 diffractometer with Mo K α radiation (λ = 0.71073Å) at a temperature of 150 K. Suitable single crystals were selected and fixed in a capillary using perfluoropolyalkyl ether. The capillary was sealed and transferred to the diffractometer. The crystal structures were solved by Direct Methods using the program SHELXS-97 [38a]. Refinements were performed with the program SHELXL [38b] included in the program package WINGX [38c]. Based on the systematic absences, the space group was determined to be orthorhombic Pnma (no. 62) for K 3 AsSe 4 and monoclinic P2 1 /n (no. 14) for K 4 As 2 Se 5 . A summary of crystallographic data, refinement parameters, selected bond lengths and bond angles are listed in Tables 1-3 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www. fiz-karlsruhe.de/request for deposited data.html) on quoting the deposition numbers CSD-424533 (K 3 AsSe 4 ) and CSD-424534 (K 4 As 2 Se 5 ).
